Objectives: To determine the prevalence, incidence, persistence, likely causes and consequences of apathy in patients with type 2 diabetes and to compare the prevalence with a healthy control sample.
Objective
Apathy is defined as a lack of motivation, evidenced by diminished goal-directed behaviour, cognition or emotion relative to previous functioning (1) . Apathy is a common neuropsychiatric symptom that complicates many age-related disorders including Alzheimer's disease, Parkinson's disease and stroke (2, 3) and is associated with adverse health consequences (2, 4, 5) . The symptoms of apathy frequently overlap with depression but apathy is a syndrome distinct from clinical depression (6) . The adverse consequences of apathy that have been documented include decreased recovery following stroke and increased caregiver stress in dementia caregivers (2) . In Alzheimer's disease, apathy is a significant predictor of cognitive and functional decline, depression and parkinsonism (4) .
Apathy may also be common in older populations (7, 8) where associations with stroke, depression and cardiovascular risk factors including diabetes have been reported (8, 9) . There have been few studies in diabetes but a recent study from a clinic population reported that 50 out of 81 older diabetic patients had apathy, which was associated with reduced adherence to self-management behaviours, obesity and a non-significantly increased HbA 1c level (10) . The authors subsequently reported that methylphenidate treatment improved glycemic control in 8 apathetic diabetic patients with Alzheimer's disease (11) . The aims of the present study were to investigate the prevalence, incidence, persistence and associates of apathy in a sample of older subjects with type 2 diabetes and to compare prevalence rates with a healthy nondiabetic control sample.
Methods
Patients with diabetes: The diabetic sample was recruited from type 2 participants in an ongoing, observational study of known diabetes, the Fremantle Diabetes Study, Phase II (FDS2). The sample was purposively recruited to a longitudinal study where inclusion criteria were age ≥65 years, long duration diabetes (≥10 years), absence of dementia and adequate linguistic/educational ability to undergo a cognitive assessment. The present study sample comprised all recruited patients who also had a suitable informant to complete an apathy assessment. Exclusion criteria included severe organ dysfunction, malignancy, neurological/psychiatric diagnoses and conditions that precluded participation in magnetic resonance imaging. FDS2 recruited patients between 2008 and 2011 and details of recruitment procedures including classification of diabetes type have been previously published (12) .
Healthy controls: Volunteers were recruited from the same geographic area to a cognition/neuroimaging study using local advertising and approaching partners of patients attending local geriatric clinics. Inclusion and exclusion criteria were similar to those described above except for the presence of diabetes. The study protocols were approved by the Human Research Ethics Committee of the Southern Metropolitan Area Health Service and all participants gave informed consent.
Assessments
Both samples underwent identical assessments of apathy and cognitive function whilst the methods used to assess cerebrovascular disease and depression differed. The diabetic patients had repeat assessments of apathy, cognition, cerebrovascular disease and depression after approximately 18 months whilst the control sample was assessed once only. Apathy was assessed by a suitable informant using the 14-item Apathy Scale (13, 14) , and the data were used to generate diagnostic criteria for apathy as described in a previous publication (15, 16) . 
Results
The clinical characteristics of the diabetic and non-diabetic samples are displayed in table 1.
They had a similar age and MMSE scores but the diabetic sample had fewer females and a higher frequency of depression, history of TIA/stroke and CDR rating of 0.5. The diabetic sample had long duration diabetes (mean 21.2±4.9 years), 5.9 % were controlled with diet alone, 51.2% with oral hypoglycaemic agents alone and 42.9% were taking insulin usually in combination with oral agents. Both samples were community-dwelling and independent in basic and most instrumental ADL. Apathy Scale scores were significantly higher and apathy was significantly more prevalent in the diabetic sample compared to the healthy control group (13.9% vs 1.4%, P=0.005). Using logistic regression with the entire sample and after adjusting for age, gender, CDR status, depression status (major or minor compared with no depression) and history of stroke/TIA in the model, apathy was independently associated with To explore possible explanations for recovered, incident, and persistent apathy, baseline apathy, depression and MMSE scores were examined further. Baseline Apathy Scale scores were significantly different among the four apathy conditions (never, recovered, incident, persistent: ANOVA F=31.9, P<0.001). Those with incident apathy had higher baseline Apathy Scale scores than those who never had apathy (18.6±4.9 vs 9.2±4.9, P<0.05, Bonferroni post-hoc test), and those with recovered apathy had lower baseline scores than those with persistent apathy (17.4±2.9 vs 23.6±5.9, P<0.05, Bonferroni post-hoc test).
Baseline PHQ-9 scores were also significantly different among the four conditions (P=0.04, Kruskall-Wallis test) with lower median depression scores at baseline (that approached statistical significance) in recovered compared with persistent apathy (2 [2] [3] [4] vs 13 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , P=0.053). There were no differences in MMSE scores.
Conclusions
In the present study, we investigated the prevalence, incidence and persistence of apathy in a sample of non-demented, older patients with long-standing type 2 diabetes using diagnostic criteria proposed for neurodegenerative and psychiatric disorders (15, 16) . Apathy was present in almost 14% of the diabetic cases, much higher than seen in a healthy control sample. After almost 18 months follow-up, another 7% of the sample developed incident apathy and approximately half of those with baseline apathy at baseline remained apathetic and half recovered. Apathy was associated with a clinically relevant elevation in HbA 1c levels in the diabetic sample fulfilling the additional apathy criterion of evidence for impairment in an important area of functioning (16) given that glycaemic control is strongly associated with self-motivation (21) . We conclude that apathy is an important neuropsychiatric syndrome in older patients with type 2 diabetes that is likely to be a barrier to effective self-management.
Several potential causes of apathy were investigated. Both depression and cognitive impairment were associated with apathy in the combined sample and cognitive impairment 8 predicted incident apathy in the diabetic sample. There was no evidence for a role for cerebrovascular disease although subclinical cerebrovascular disease, common in type 2 diabetes, was not excluded. Notably, the degree of cognitive impairment was mild in this study sample; all were living independently, MMSE scores were within the normal range and the CDR 0.5 rating denotes very mild impairment (17) . Published prevalence rates for apathy vary widely in part because of the different methods used to define the syndrome (4) and such methodological differences may explain the previously reported high frequency of apathy in type 2 diabetes (10) . We used a valid instrument to rate the symptoms, a valid algorithm to classify the symptoms into specific domains and applied standardised diagnostic criteria for apathy. Prevalence rates for apathy using diagnostic criteria of 43% for Mild Cognitive Impairment and from 21-55% for mild Alzheimer's Disease in clinic-based samples have been recently published (16, 22, 23) . The present study prevalence of 14% in diabetes is lower but possibly consistent with the mild degree of cognitive impairment.
Relatively few longitudinal studies have been conducted to assess the persistence of apathy.
The available data indicate that apathy generally persists in progressive neurodegenerative conditions such as Alzheimer's disease and Parkinson's disease (23, 24) but is more likely to recover when associated with cerebrovascular disease, where between 44 and 67% of apathy resolves at follow-up (25) . In our study, apathy persisted or recovered in equal proportions and differences in baseline Apathy Scale scores and the PHQ-9 suggest possible reasons.
Persistent apathy was associated with higher scores on the Apathy Scale and PHQ-9 than recovered apathy indicating that recovery is associated with less severe apathy and less depression. In addition, incident apathy was associated with higher baseline Apathy Scale scores than in those who never had apathy indicating that incident apathy occurred in individuals already on a trajectory of increasing apathy. Future studies with larger sample sizes are required to confirm these findings but the relatively high recovery rate in diabetes may point to a cerebrovascular mechanism in diabetes-associated apathy.
In our study, persistent and incident apathy predicted cognitive decline. This finding is consistent with previous studies demonstrating that apathy is associated with an increased risk of progression from predementia states to dementia (26, 27) . Type 2 diabetes is a known risk factor for dementia and various predementia states and is also associated with an accelerated conversion to dementia from predementia (28) (29) (30) . Consequently, apathy may be a useful clinical predictor of cognitive impairment that is more likely to progress in type 2 diabetes. The presence of apathy in type 2 diabetes is likely to have other clinical consequences. Apathy has an adverse impact on personal quality of life (31) , and would be expected to have adverse effects on the spouse or supporting family because of the need to assume more of the burden of managing the complex care commonly employed to control diabetes. Undetected apathy is likely to thwart the efforts of diabetes clinical staff who may attempt to deploy fruitless educational or motivational strategies or increase the complexity of diabetes treatment regimes. It is also possible that at least some of the depression reported in diabetes may be due to diagnostic overlap with apathy.
The present study has a number of strengths. These include the longitudinal assessment of apathy using standardised diagnostic criteria, the representative nature of the diabetic cohort from where the sample was drawn, and the detailed nature of the clinical assessments including the use of a validated instruments and information from informants. The major limitations are the small sample sizes and the known biases associated with selecting volunteer controls (recruitment bias) and participants from an ongoing cohort study (recruitment and survival bias). The representativeness of the findings are further limited given that we only studied non-demented participants, with long duration diabetes who were free of medical implants commonly used in patients with vascular disorders.
In summary, apathy was common in a sample of older people with long-standing type 2 diabetes and was associated with worse glycaemic control and cognitive decline. Apathy is an important neuropsychiatric symptom in type 2 diabetes that is likely to have clinical implications for patients and their families. Major depression (%) 6.5 20.0 0.08
